The purpose of the present study was to analyze the clinical and pathological characteristics, treatment, and prognosis of de novo metastatic breast cancer (DnMBC). Information regarding 1,890 patients treated for advanced breast cancer at the Tianjin Medical University Cancer Hospital between January 2008 to December 2017 was collected. Clinicopathological characteristics, treatments and outcomes of these patients were compared using the chi-square test, log-rank test, and Cox regression analysis. A total of 171 patients were diagnosed with DnMBC. The median age at diagnosis was 53 years (range, 23-77). The percentage of T4 staging was higher (37.4%), 69.6% of patients were estrogen receptor (ER) positive, 59.1% were progesterone receptor positive, 29.8% had positive human epidermal growth factor receptor 2 (HER2) status, 68.4% had Ki-67 ≥20%, 55% had oligometastasis at the initial diagnosis, ~87.7% were treated with chemotherapy initially and 24% received palliative surgery for the primary tumor. After a median follow-up time of 26 months, the median progression-free survival (PFS) and overall survival (OS) among patients with DnMBC were 11 (8.7-13.3) months and 34 (27.9-40.1) months, respectively. In the multivariable model, ER status and sites of first metastasis (oligometastasis or polymetastasis) were identified to be independent predictors of PFS (P<0.05); ER status, primary tumor stage, and surgical treatment of primary tumors were identified to be independent predictors of OS (P<0.05). In conclusion, the clinicopathological characteristics of DnMBC are greater invasiveness and a higher risk of progression. Palliative surgical treatment may improve the prognosis of HR+/HER2-patients with oligometastasis. Therefore, individualized treatment as required is particularly important.
Introduction
Breast cancer is one of the most common malignant tumors in women. In China, the incidence of breast cancer ranks first and its mortality rate ranks second after that of lung cancer (1) . Clinical studies have demonstrated that ~20-30% of early breast cancer will recur and metastasize to become advanced breast cancer, that is, recurrent metastatic breast cancer, while ~3-10% of breast cancer patients have distant metastasis at the initial diagnosis, namely de novo metastatic breast cancer (DnMBC) (2) (3) (4) . Patients with DnMBC often lose the opportunity of radical surgery when they were diagnosed for the first time and their psychological status and quality of life are seriously affected. At the same time, because of its special clinicopathological characteristics and since its proportion in advanced breast cancer patients is increasing year by year, more and more clinicians are paying attention to it (5) . Prior reports state that the clinicopathological features of DnMBC were greater invasiveness. The proportion of multiple metastasis and visceral metastasis was relatively high, and more patients had high expression of Ki-67 and high histological grade (6) . Although some progress has been made in the treatment of MBC in the past decade, according to real-world and clinical trial data, the 5-year survival is still low at ~25% (6) (7) (8) (9) . The purpose of this retrospective study was to analyze the clinicopathological characteristics of DnMBC and to explore the prognostic factors, in order to provide guidance for clinical diagnosis and treatment.
Patients and methods
Study population. Data for this study population were obtained from Tianjin Medical University Cancer Hospital. A total of 1,890 patients with advanced breast cancer were treated between January 2008 to December 2017. Patient characteristics are presented in Table I . A total of 171 patients with
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DnMBC were screened out. The criteria for admission were as follows: i) Female patients; ii) primary unilateral breast cancer diagnosed by pathology or imaging with distant metastasis; iii) relatively complete clinical and pathological data, including age of onset, menopause, Ki-67 expression level, hormone receptor status. Human epidermal growth factor receptor 2 (HER2) expression, initial metastasis and treatment and iv) follow-up data are complete. Case exclusion criteria: Male breast cancer, early or locally advanced breast cancer, primary double breast cancer, combined with other malignant tumors, incomplete clinical and pathological data or lost follow-up. In order to adjust for guaranteed time bias, patients only include DnMBC diagnosed early by modern imaging and exclude those who diagnosed shortly after surgery.
Definition. Breast cancer staging is based on the TNM staging guidelines of the seventh edition of the American Joint Committee on Cancer. Estrogen receptor (ER), progesterone receptor (PR) and HER2 were evaluated according to the scoring system recommended by the American Society of Clinical Oncology and the College of American Pathologists (10) . Estrogen and progesterone receptor status was assessed using immunohistochemistry (IHC) staining of tissue sections, as previously described (11, 12) . At least 1% nuclear positive tumor cells were considered to be positive. ER and/or PR positive were defined as hormone receptor (HR) positive BC. HER2 status by IHC was positive if the score was 3+ and tumors with indeterminate (2+) IHC scores were considered HER2 positive if amplified by fluorescence in situ hybridization, as previously described (11, 13) . The rest were classified as negative for analysis. Patients who could not be operated on were clinically staged by clinical palpation and imaging techniques such as B-ultrasound and computed tomography. In this study, patients with single organ metastasis and less than five metastatic lesions were grouped into an oligometastasis group and the rest into a polymetastasis group. In the present study, almost all of the pathological types are invasive cancers and the pathological diagnosis of the patients mainly came from breast tumor puncture specimens, which may not be able to clearly reveal the pathological details of invasive cancer due to the small amount of tissue contained in the specimens.
Treatments. Of the 171 patients, 150 (87.7%) were treated with chemotherapy initially and 162 (94.8%) were treated with taxane-or anthracycline-based regimens in the first-line treatment, of which 100 cases (58.5%) were treated with the combination of anthracyclines and taxanes. In HER2-positive patients, 33 (64.7%) were treated with trastuzumab and 18 (35.3%) without it. Regarding the operation, 41 patients (24.0%) received palliative surgery for the primary tumor, of which 13 patients underwent surgery before the rescue chemotherapy and the remaining 28 patients received surgery after different cycles of chemotherapy. The average time to surgery was 7.3 months (0-22 months) after the diagnosis of DnMBC.
Survival estimates. The median follow-up time of 171 patients was 26 months (2-151 months). The survival rate was calculated using the Kaplan-Meier method. The median PFS was 13 months (10.2-15.8 months), the median OS was 34 months (27.9-40.1 months), the 1-year and 3-year PFS rates were 48.1% (48.0-48.2%) and 10.9% (10.85-10.95%) respectively, and the 3-year and 5-year OS rates were 46.3% (46.4%) and 25.7% (25.6-25.8%; Fig. 1 ).
Univariate and multivariate analysis of predictors of survival.
Univariate analysis showed that menstrual status, ER status, PR status, HER2 expression, Ki-67 index, molecular typing, initial metastasis and primary breast cancer surgery were associated with PFS (P<0.05; Table II ). Primary tumor size, ER status, PR status, molecular typing, initial metastasis, visceral metastasis, anti-HER2 treatment in HER2 positive patients and primary breast cancer surgery were associated with OS (P<0.05; Table II) .
Tables III and VI summarize the results of the multivariable Cox proportional hazards model with hazard ratios >1.0 indicating an increased risk of progression or death. ER status and sites of first metastasis (oligometastasis vs. polymetastasis) were highly significant independent predictors of PFS in DnMBC. Women with negative ER status had 1.68 times higher risk of progression compared to women with positive ER status [95% confidence interval (CI) 1.12-2.53, P= 0.013], women with polymetastasis had 1.49 times higher risk of progression compared to women with oligometastasis (95% CI 1.00-2.20, P= 0.048). ER status, primary tumor stage and surgical treatment of primary tumors were highly significant independent predictors of OS in DnMBC. Women with negative ER status had 3.11 times higher risk of death compared to women with positive ER status (95% CI 2.06-4.70; P<0.001), Trastuzumab for HER2+ women without surgery of the primary tumor had 1.70 times had risk of death compared to women with surgical treatment (95% CI 1.02-2.86; P=0.044) and women with tumor stage of T3-4 had 1.88 times higher risk of death compared to women with tumor stage of T1-2 (95% CI 1.24-2.83, P=0.003).
Survival analysis of subgroups. Subgroup analysis was performed according to different molecular subtypes, sites of first metastasis and surgical treatment of the DnMBC patients.
Patients were divided into HR+/HER2-(56.7%), HR±/HER2+ (29.2%) and HR-/HER2-(14.0%) groups according to the molecular subtype (Fig. 2) . In these groups, the median PFS was 16, 9, 7 months and the 1-year PFS rate was 67.0, 35.8 and 29.2%, respectively (P<0.001; Table II ). The median OS was 97, 50, 24 months and the 5-year OS was 34.7, 19.8 and 0.0%, respectively (P<0.001; Table II ). PFS and OS in HR+/HER2-group were better than those in the other two groups ( Fig. 2B and C) , and the difference was statistically significant.
Patients were divided into oligometastasis (55%) and polymetastasis (45%) groups according to the sites of first metastasis (Fig. 3A) . In these groups, the median PFS was 16 and 13 months, and the 1-year PFS was 54.3 and 50.6%, respectively (P= 0.013; Table II ). The median OS was 41 and 28 months, and the 5-year OS was 33.6 and 12.6%, respectively (P=0.007; Table II ). PFS and OS in the oligometastasis group were better than those in the polymetastasis group ( Fig. 3B and C) , and the difference was statistically significant.
Patients were divided into the surgery group (24%) and non-surgery group (76%) according to the surgical treatment (Fig. 4A ). In these groups, the median PFS was 20 and 11 months, and the 1-year PFS was 70.7 and 46.9%, respectively (P= 0.017; Table II ). The median OS was 57 and 28 months, and the 5-year OS was 45 and 16.7%, respectively (P= 0.001; Table II ). The PFS and OS in patients with surgery of primary tumor were significantly better than in those without surgery ( Fig. 4B and C) , and the difference was statistically significant.
Associations between surgery and molecular subtypes. Patients were divided into HR + /HER2 -, HR ± /HER2 + and HR -/HER2groups according to molecular subtype, and were divided into surgery group and non-surgery group according to the surgical treatment. The number of patients who underwent surgical treatment was relatively higher in HR + /HER2-group, but there was no significant difference (Table VI ). In the HR + /HER2group, 27 cases (15.8%) were treated with surgery and 70 cases (40.9%) without surgery, the OS of the patients who underwent surgical treatment was longer than those without surgery, and the difference was statistically significant. In the HR ± /HER2 + group, 9 cases (5.3%) were treated with surgery and 41 cases (24%) without surgery, and the OS of the surgery group was longer than that of the non-surgery group, but there was no significant difference. In the HR-/HER2-group, 5 cases (2.9%) were treated with surgery and 19 cases (11.1%) without surgery, and surgery had no effect on the OS (Fig. 5 ).
Associations between surgery and first metastasis sites.
Patients were divided into oligometastasis and polymetastasis groups according to the sites of first metastasis. The number of patients who underwent surgery was relatively large in the oligometastasis group and the difference was statistically significant (Table V) . In the oligometastasis group, 33 cases (19.3%) were treated with surgery and 61 cases (35.7%) without it, the OS of the patients who received surgical treatment was increased compared with those without it and the difference was statistically significant. In the polymetastasis group, 8 cases (4.7%) were treated with surgery with surgery and 69 cases (40.4%) without it, and surgery had no effect on OS (Fig. 6 ).
Discussion
Cortesi et al (6) made a report based on 119 cases of DnMBC from 2006 to 2009. It was found that their clinicopathological features were more invasive. A total of ~45% of patients had multiple metastases, 78.1% had Ki-67 >14%, 81.9% with histological grade 3 tumor, 27.5% were HER2 positive, 59.7% had initial chemotherapy and nearly 80% of patients preferred anthracycline or taxane-based chemotherapy regimen. From the analysis of 76 DnMBC cases from 2007 to 2011, Chen et al (14) found that the positive rate of ER, PR and HER2 were 69.7, 56.6, and 27.5%, respectively. The clinicopathological features and treatment of 171 patients with DnMBC between 2008 and 2017 were analyzed and it was found that the positive rate of HER2 was higher at ~29.8%, the percentage of postmenopausal patients and tumor stage T3-4 patients were higher, 68.4% of patients had Ki-67 ≥20%, 45% had polymetastasis, and 44.4% with visceral metastasis, which confirmed that DnMBC expresses a more aggressive phenotype. At the same time, the present study found that, similar to studies done by Chen et al (14) , the percentage of HR positive in patients with DnMBC was high as well, of which 69.6% had positive ER status and 59.1% had positive PR status, which may be associated with better prognosis. Nearly 90% of the patients in this study received initial chemotherapy and >90% of the patients chose taxanes or anthracyclines as the first-line chemotherapy, of whom 58.5% were treated with the combination of the two drugs. It can be seen that the proportion of chemotherapy is compared with the study by Cortesi et al (6) and there are relatively few studies on the treatment. Considering the differences in traditional concepts among people in different regions, the Chinese are pursuing active and comprehensive treatment, while the Western population is pursuing a higher quality of life, which may have led to the above-mentioned differences in treatment. Prior reports state that the median survival time of patients with MBC was 2-3 years (7, 9, (15) (16) (17) (18) . Andre et al (7) reported that the median survival time of patients with DnMBC was 23 months in 1987-1993, compared with 29 months in 1994-2000, of which most patients had single metastasis especially bone metastasis, >80% had received chemotherapy and 51% had received local surgery or radiation therapy. den Brok et al (18) reported that the median survival time of patients with DnMBC (2001-2009) was 29 months, most of whom were postmenopausal and >50 years old. Dawood et al (15) showed that the median survival time of the patients with DnMBC was 39.2 months between 1992 and 2007. Nearly 70% of the patients in the study were Caucasian and 40% received surgical treatment for primary tumors, which may be related to the relatively long survival time. In the present study, the median survival time was 34 months and the 5-year OS rate was 25.7% (DnMBC from 2008 to 2017). According to the above reports, it can be seen that with the continual emergence of new drugs and the developments in treatment in recent years, the median survival time of DnMBC is longer than before. The differences in individual studies may be due to geographical, racial and therapeutic factors.
In this study, univariate analysis showed that poor prognosis was closely related to the following aspects: The primary tumor stage T3-4, ER-negative, PR-negative, polymetastasis, visceral metastasis, patients with positive HER2 status who did not receive anti-HER2 therapy and no palliative surgery for primary tumor. Multivariate analysis showed that ER-negative, primary tumor stage T3-4 and no surgical treatment for primary tumor were independent risk factors for poor prognosis of DnMBC. The results were similar to that of previous studies. Andre et al (7) pointed out that HR negative, multiple metastasis and visceral involvement are risk factors for poor prognosis in DnMBC. Cortesi et al (6) drew the conclusion that patients with negative HR status who did not receive chemotherapy had a poor prognosis.
There are different conclusions on whether surgical treatment of primary tumors will benefit DnMBC. Some studies (19) (20) (21) suggested that surgical resection of primary tumors can improve the prognosis of patients with MBC. A retrospective study conducted by Lambertini et al (21) on 113 HER2-positive DnMBC patients showed that PFS and OS were significantly longer in patients who underwent primary tumor surgery, had a lower number of metastatic sites, had minor or no symptoms, received more commonly first-line polychemotherapy treatment, and achieved higher benefit. In the MF07-01 randomized trial (19) with a median follow-up of 40 months, researchers drew a conclusion that primary tumor surgery followed by chemotherapy could significantly improve survival times compared with chemotherapy alone in DnMBC and the median OS increased by ~9 months. This benefit was found especially in patients who were ER positive, HER2 negative, had simple bone metastasis or were younger than 55. Some studies (22, 23) indicated that primary tumor surgery failed to bring survival benefit to MBC patients. A prospective randomized controlled trial (NCT00193778) (22) showed that loco-regional treatment of the primary tumor and axillary nodes had no impact on OS in patients diagnosed with DnMBC, who had responded to frontline chemotherapy. Another prospective trial, TBCRC 013777, (23) also pointed out that among patients who responded to first-line chemotherapy, surgery did not affect OS, irrespective of the tumor subtype. The present data found that local surgical treatment prolonged the PFS and OS, and the 5-year OS rate increased by 28.3%. Furthermore, surgical treatment of the primary tumor was an independent prognostic factor of OS. Considering the selection bias, the proportion of patients with the HR+/HER2-subtype and oligometastasis, especially single bone metastasis, is high in patients who underwent surgical treatment in the current study, so its good prognosis does not exclude this aspect. Subgroup analysis: The prognosis of patients with primary tumor surgery in different molecular types and sites of first metastasis were analyzed. It was found that patients in the HR+/HER2-group, compared with other subgroups, benefited from surgical treatment and had a longer OS, which was statistically significant. In addition, the effect of surgical treatment was more obvious in the oligometastasis group and the difference was statistically significant as well. Therefore, if patients are in good health and able to undergo surgery, palliative resection of the primary tumor may be considered in DnMBC patients with oligometastasis and the HR+/HER2-subtype. So far, there are no guidelines recommending routine surgical treatment for the primary tumor of DnMBC. Prospective studies with large sample sizes and need to be done to get more clinical data and experience.
Among the molecular subtypes, the post-metastasis OS of MBC had different reports. It has been reported (24) that the longest survival time after metastasis is Lumina subtype. Andre et al (7) speculated that patients with positive HR status had the best prognosis. More reports (7, 16, (25) (26) (27) (28) (29) (30) showed that triple negative breast cancer (TNBC) had the worst prognosis. In the present study, the HR + /HER2subtype had the best prognosis, followed by HER2 + /HR ± and TNBC had the worst prognosis. The poor prognosis of TNBC may be related to the lack of corresponding hormone therapy and targeted therapy sites.
Hellman et al (31) first proposed the concept of 'oligometastasis' in 1995, as a special state between local recurrence and widespread metastasis. One study (32) suggested that the biological characteristics of the tumor at this stage were relatively stable, the spreading ability was weak and the selectivity for metastatic organs was high. There is no common definition for oligometastasis and the number of metastatic lesions is generally defined as the criterion. A number of studies (33) (34) (35) defined the incidence of no more than five metastatic sites as oligometastasis. The present study defined that patients with single organ metastasis and <5 metastatic lesions were classified into oligometastasis group, and the rest belonged to the polymetastasis group. Compared with polymetastasis, patients with oligometastasis had better PFS and OS, and the difference was statistically significant. The present study also found that surgical treatment notably improved prognosis in the oligometastasis group, but the benefit was not reflected in the polymetastasis group. It has been pointed out that some patients with oligometastasis can survive for a long time by eliminating oligometastasis through active local treatment such as surgery, radiotherapy and radiofrequency ablation (34, 35) .
In conclusion, the clinicopathological characteristics of DnMBC are being more invasive and have a higher risk of progression. Palliative surgical treatment may improve the prognosis of HR + /HER2patients with oligometastasis. Therefore, individualized treatment is particularly important. A limitation of the present study was that some subgroups were too small, thus statistical analysis was unable to be performed. Therefore, trials with large samples are needed to verify this conclusion and guide the treatment of DnMBC further.
